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Calculation of Cosmic Ray Induced Single Event Upsets:

PROGRAM CRUP, COSMIC RAY UPSET PROGRAM

I. INTRODUCTION

Since the publication of our calculations on cosmic ray induced single
event upsets 1in cosmic ray environments,l,2 interest has been expressed
within the single event community for an export version of the computer
program. The version of the program used for the calculations reported in
the above mentioned references was run on the SEL 32-55 OQata Acquisition
Computer at the NRL Cyclotron. An export version of this program has been
developed. The calculational method employed is the same as described in
Refs., (1) and {2). Some small changes in the details of the calculational
method, and an update in the 90 percent worst case environment furnished
with this program are described. This export version does not have the
scaling features contained in the original program, and it has been
rewritten to be independent of the file structure of the SEL computer. The
revised program runs correctly on the SEL 32-55. The intent of this
documentation 1is to furnish sufficient information for a reasonably
experienced FORTRAN programmer to convert the program to run on his
computer. The export tape has been translated from the 7 track magnetic
tape generated at the SEL computer to the more universally readable 9 track
tape in a DEC VAX-1l readable format.

II. PROGRAM ORGANIZATION

The export tape contains two files, The first file is the Complete
FORTRAN program, ready for compilation. The second file, intended to be
read in as data upon program execution, contains three cosmic ray
environments in the form of differential LET spectra, written as card
images. The first two environments in the second file are the solar
minimum, and the solar maximum environments, respectively, identical to the
environments used for the calculations reported in Refs. (1) and (2). The
third environment, the 90 percent worst case environment, is a revised LET
spectrum, based on new data that was furnished to us by J.H. Adams, Jr. of
the NRL Space Science Oivision, since publication of Refs. (1) and (2). It
should be remarked that the "90 percent worst case” in Ref. (1) is identical
to the "10 percent worst case" discussed in Ref. (2).

Upon execution of the program, the three differential LET spectra are
read into three sets of pre-dimensioned arrays, one set for each of the
spectra. Each set consists of an alphanumeric identifier of 20 words, with
an associated two dimensional array for the data, 2 x 1000 words. The first
record for any LET spectrum is a title, up to 80 characters, followed by 250
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records, each containing four pairs of 10 character fields, each pair being
a value of the LET spectrum, followed by the coriresponding value of LET.
The alphanumeric identifier and the data pairs for each spectrum are read
into the arrays identified in Table [, with the index 1 on the two
dimensional array corresponding to the value of LET, and the index 2
corresponding to the corresponding value for the differential LET spectrum.

TABLE !

Array Identifications

Alphanumeric
Index Spectrum identifier LET Spectrum
1 Solar Minimum TMIN(20} SOLMIN(2,1000)}
2 Solar Maximun TMAX (20) SOLMAX(2,1000)
3 90 Percent Worst Case TWORST(20) WORST(2,1000)

The program is designed to be run in an interactive mode from a
terminal. The first prompt message asks for the cell dimensions: g,w,h,
with 4> w > h. Then, following the terminology in Ref. (1), values for the
critical energy in MeV and the error conversion factor are requested. The
next prompt message requests an index which identifies an environment for
the particular calculation. These indices are tabulated in Table I. There
is also an option that permits printout of the integral chord-length
distribution and the selected LET spectrum., Upon completion of the
calculation, the result is displayed on the terminal screen and stored for
printout upon exit from the program. Arrays for storage of results with
associated input parameters exist to store up to twenty results. Entering a
carriage return at the first prompt message, which asks for the cell
dimensions, causes the program to terminate with printout of the stored
results,

A brief description of the subprograms is given in section III,
and a complete listing of the program is contained in Appendix B, The
subroutines M:IQEX, M:BLOCK, and INIT which occur early in the main program
are specific to the particular SEL computer installation used for this
work. These subroutines can be eliminated for most finstallations.
Subroutine M:IQEX take care of a graceful exit if the program bombs out
during execution. Subroutine M:BLOCK tells the system which SEL convention
1s used for data on logical unit 1, the magnetic tape. The function of INIT
is to alert logical unit 5, the terminal used in an interactive mode in the
program.

The numerical integration, utilizing a simple trapezoidal
technique, is done in the body of the main program. Interpolation between
values of the rapidly varying LET spectrum has generally been avoided by
varying the integration intervals to agree with the tabular values of LET,
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gg except for the case of the first integration interval which starts at L -

S Lo» the minimum value of LET which produces an event. In this case, a

gg logarithmic interpolation technique is used. The integral chord-:ength

o) distributivn, C(L), is calculated once and then stored in TABLE (2,512).
During the calculation, required values of C{2) are obtained by

3 interpolation,

%4

E}' [II. BRIEF DESCRIPTION OF SUBPROGRAMS
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A brief description of the subprograms is given in this section.
These descriptions should enable a serious user, who makes the effort, to
find his way through the program for revision or independent use of the
subprograms.

A. SUBROUTINE C1(XL,W,H,NTABLE).

This subroutine computes the integral chord-length distribution,
C(S), storing the results in TABLE(2,512). TABLE(l,N) contains a chord
length, with the corresponding value of C(S) stored in TABLE(2,N). The
computations are performed for NTABLE values for each segment of the
chord-length distribution. A segment is considered to be the portion of
C(S) between adjacent singularities in C(S). The singularities are
discussed in Appendix A and in the discussion of SUBROUTINE SING(XL,W,H).
It should be noted that the tabulated values of C(S) are for equally spaced
values of S within each segment only, but each segment will generally have
different spacing of the tabulated values.

The integral chord-length distribution was calculated in Ref. (1)
by numerical in‘egration of the expression for the differential chord-length
distribution published by Pickel and Blandford.3 Since publication of
Ref. (1), Warren Bendel of NRL has pointed out to me that the differential
chord-length distribution can be integrated in closed form, The closed form
approach has been used here. The analytic expressions for the indefinite
integrals, due to Bendel, are given in Appendix A.

Subroutines SING and PERMSUM are called by this subroutine.
B. SUBROUTINE SING(XL,W,H).

This subroutine finds the singularities in C(S) and arranges them
monotonically in ascending order for insertion into SLIM(B). SLIM will
contain NLIM entries, NLIM<B. The array SLIM contains the boundaries of the
segments of C(S). For this reason, SLIM(l) is set equal to zero; the next
entries contain the singularities; and SLIM(NLIM) contains the maximum chord
length for the particular cell.

C. FUNCTION F1(S,X,Y,Z).
FUNCTION F2(S,X,Y,Z).
FUNCTION F3(S,X,Y,2).

] ¥

Functions Ffl, F2, F3 evaluate Egs. (6), (7), and (B},
respectively, of Appendix A. Checks are made that the value of 5 is within
the limits of validity for the particular function.
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D. FUNCTION PERMSUM(S,XL,W,H).

This function sums over the permutations of x,y,z indicated in
Eq. (1) of Appendix A and in Eq. (A-8) of Ref. (3). An appropriate choice
between F1, F2, and F3 is made, depending on the relationship between S, X,
Y, and Z.

€. SUBROUTINE READIN(A,T).

This utility subroutine reads the LET spectra from the source
magnetic tape into the assigned arrays listed in Table I.

F. SUBROUTINE TRANSFER(T1,P1,T2,P2).

This subroutine transfers the selected LET spectrum from the
arrays represented by T2 and P2 to the working arrays Tl and Pl.

G. SUBROUTINE LAG(X1,X2,X3,X4,Y1,Y2,Y3,Y4,X,Y).

This is a four point Lagrangian interpolation routine. The
values of the independent variable are known at X1, X2, X3, and X4; wi*h
associated values of the dependent variable at Y1, Y2, Y3, and Y4, This
subroutine finds the value of Y at the value of the independent variable, X,
and puts the value in V.

H. FUNCTION FINTERP(TABLE,NTABLE,X)
FUNCTION  FINTERP1(TABLE,NMIN NMAX,X)

FINTERP is a function designed for four point Lagrangian
interpolation in a two dimensional array TABLE(2,NTABLE), where TABLE(1,N)
contains the independent variaple, and TABLE(2,N) contains the dependent
variable. X is the value of the independent variable for interpolation.

FINTERP1 is a slightly modified version of FINTERP which was
written to take care of a special situation when the revised 90 percent
worst case LET spectrum was delivered to us with zeroes at the beginning and
at the end of the array. Instead of having a full table of NTABLE values as
in the case of FINTERP, FINTERPl uses values of TABLE(1,N) and TABLE(2,N)
for N between NMIN and NMAX, where the array contains non zero values of the
dependent variable.

FINTERP and FINTERP1 call on SUBROUTINE LAG.
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APPENDIX A

INTEGRAL CHORO-LENGTH DISTRIBUTION

The analytic integration of the expression for the differential chard
length=distribution due to Petroff, and reported in Ref. (3), was furnished
to me by Warren Bendel of NRL.

We consider a rectangular parallelepiped of dimensions g, w, and h,

The nomalized differential distribution function for pathlength S is
called F and integrated to unity. It is given by

(3x/4) (4w + 4h + wh) F(S,4,w,h) = T N(S,x,¥,2) (1)
6

where the sum is over the six permutations of (&,w,h) as (x,y,z). In each
case, N * Ny is three times the quantity g of Petroff.

The expression for N has three forms, depending upon the value of §
relative to z and (x2 + 22)1/2, As these expressions are complicated,
we introduce symbols (below) for certain functions of tlo dimensions. We
also define, with capital letters, two relationships with pathlength,

Symbols
re . xZ+yle 2
t2 & x2 + 22
k= (2 - 2/(x2 + R2)L12
ma y2i(x2 + y2)
v = 3 xy2?
P2 = §2 - 22
Q2 « 52 - x2 - 22

A few terms are common to ali three regions of S and therefore can be
treated uniformly for 0 < S < r. These terms are

2 2 2 r 2 xz y2 x222 x2 @)
Ny = & |F— = S+ T | i van
t°r r Xty r b DA 4 X+ y
Summing over aill six permutations, one finds that
ZN a0
6N =

and thus Ng may be omitted (as it was) from Eq. (1).
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For the first region, where 0 < S < z, N is given by
N] = A] * B}S (3)
where Al o (2/t)(x2 - 22) + 2mZ and B] = -{3xy/2rt)2. (4)
If 2 < S <t, the equation is

Np = A2 + BpS + C2/53 + (k - x)%(z + 22152)

where A,e (2/t) (x229), B, (978) (m=(xy/rt)?), and Cpm v tan™) (y/x)-mz' /4.

Firally, for t < S < r, Petroff's equation reduces to

Ny= B3 * C3/5™ k =2 + 2215%) + y2? F21®> 1/s2) - (viseos ™ (wiP) (5)

wlf 1 1 x%2? 2 -1
where B,= - —x xz-*yz "7 and (3= — 7 7 - 3|+ v tan (y/x).
Integration of Nj, N2, and N3 yields:
I -_/%1 dS = A]S + B152/2 (6)
I .ﬁz dS = A2S * B252/2 - (/252 + (k - x)E (7)

where £ = P(2 - 22/252) - (3z/2cos-1(z/5)
I3 -ﬁlg dS = B8352/2 - C3/252 * kE
+ y22 [Q(2/t2 - 1/252) - (3/2t)cos~L{t/s)]
- (3xy/2) [(P/S)2cos=d(x/P) - (x/t)cos=1(t/S}]. (8)

Inspection of the results of the integration indicates that there are
six singularities in the calculation of C{S) if the cell dimensions are
nondegenerate. The number of singularities is reduced if two or more of the
cell dimensions are identical. Integration of the differential chord-length
distribution is performed in segments to tiake into account changes in the
analytic expression as a singularity is crossed. The singularities occur at
S = W,h,4, wl+ he, wl+ d2, and hd +£2,

''''''''''''''
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APPENDIX B

LISTING OF PROGRAM

8 TYPE EXPORTL FUR;1
CRAREREANVWERRERRF ILE EXPORT (737 53D M0 ik xien Y0 g s s e i i ook i
PROGRAM CRUP
PROGRAM T CALCIM.ATE S0OFT UPSETS DUE TOD COSMIC RAYS
REQUIRES SASSIGN] S=TYal t TERM IMNAL )
REUUIRES SASSIGNI 1=mT SOURCE (MAG TAPE)
REQUIRES SASSIGNZ LO=SL0D 2000 (LLINE PRINTECR!}
INTEGER FILE
OIMENSION PHITABLE(2,1000) ,XLLI(20) WR(20) 1™ (20),
1 MLNTARLE(Z2,1000) ,TITLE(20)  ERRABO(20) ,ECRIT(20) ERCONVI(I0)
2 IETFLRO)
COMMOM/CL/TABLE (2 ,212) ,5LIM(A) NLIM SOLMINC(2,1000) S0LMAXI2,10001} ,
1 WORST(2,1000) , TMIN(20) ,TMAX(20) , TWORST (20}
DATA AMO/2.387 ,C3/71 . 25992105/ ,NPHI/ 1000/
NCSa0
CanssusSEL DEPENCENT CODING
CALL M:IDEX{87100,87100)
CaLl M:BLOCKX(*1'|
CaLl. INIT('A' ,AZ&6AF00ACO ,AZ00000000)
CaEERRSEL DEPENDENT CDDING
CALL READ IN(SOULMIN, K TMIN)
CALL READ INCSOLMAX , THAX)
. CALL READ IN(WORST , TWORST)
&000 NCS=NCS+1
IFI(NCS . GT . 20) GD TO 4012
WRITE(S ,B000)
READ (3 ,9000) XLL (NCS) ,WUWINCS) HHINCS)
IF(OALINCS) EQ.0) GO TO 4010
WRITE(S 9014)
READ (3 ,9000) ECRITINCS)  ERCONVINCS)
TI00 WRITE (5 ,8002)
c SELECT SPECTRUM
READ{S ,9001) LETF{NCS)
WRITE (3%,RA001)
READ (53,9001 ) NP, NPR
IFILETFINCS) . EQ. 1) CALL TRANSFERI(TITLE , PHITABLE , TMIN, K SOLMIN)
IF{LETFINCS) .EQ.2) CALL TRANSFERITITLE ,PHITABLE , TMAX S0LMAX)
IF{LETFINCS) . EQ.3) CALL TRANSFERI(TITLE ,PHITABLE , TWORST ,WAORST)
IFILETF(NCS) . GT.3) GO TO 4013
IF{LETF(NCS) .EQ.O0) GD TO &0153
FILE=LETF{NCS)
IF{NPR.FQ.C) D TO 2002
PRAINT 9013, TITLE
PEINT 2010
: 3300 1I=1 230
IimAaRI~-3
12=1143
33500 PRINT 2011, (PHITABLE(1,J) ,PHITABLE(R,J) ,J=I1 IR}
DETERMINE RANGE OF INOICES TO ELIMINATE ZEROES IN LET SPECTRUM
INDICES GO FROM L1 TO LMax
DETERMIMNE L1
2002 DO 2003 I=1,1000
¥ IFI(PHITABLE(2 ,I) . NE.O.0) GO TO 2001
3 2003 CONTINUE
wg PRINT <9013
o~

aoscocn

noon

CAlL.L EXIT
2001 L1=I
DETERMINE LMaX
NTEST=NPHI

PC 2300 Iw=1,1000




¢
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IFIPHITABLE(R NTEST) NE.N 0) D TO 2301
NTEST=NTEST-1

8500 CONTINUE

P301 (MAX=NTEST
00 200 I=L1,LMAX
XUNTABLE (1, I)+PHITABLE (1, )

200 XUNTABLE(2,1)nal0G(PHITABLE(R, 1))
XlaXLL (NCS:
Wil {NCS )
He=bHH (NC § )
SA=2 OR(XLEW + XLEH + WaH)
SHAX=SAAT (XLEXL + WEW + HEH)

DE~ECRITINCS }
XL OP=DE /SMAX /01X L . OE4Q
XNG =0
XLMAX=PHITABLE (1 ,1_MAX)
c SET UP CHORD-LENGTH OISTRIBUTIONM
NC=20

CALL C1(XL ,W,H, NC)
NTABLE= (NLIM-1)X(NC-1})+1
e GPTIONAL PRINTOUT OF CI(S}
IFINP.EQ.0)GO TO 1551
PRINT 9002
PAINT 9008,XL,W,H
PRINT 9004, (SLIM(I) , I=1 NLIM)
PRINT 9003
NSEG=NLIM
NC T=0
NTT=NC-1
DC 1100 I=i,NSEG
IF(I.EQ.NSEG) NTT=1
DO 1110 Jeil,NTT
NCT=NCT+1
1110 PRINT 9004, TABLE(1,NCT}! ,TABLE(3 ,NCT)
1100 PRINT 9016
1351 WRITE(S,9007)
DEP=ECAI T (NCS )
IFIXLOP .LT.PHITABLE (1 L1} ) XLOP=PHITABLE(L L1}
IF(XLOP.CT PHITASLE (1 ,LMAX)) GO TO 1700

c SPECIAL TREATHENT OF FIRST INTEGRATION INTERVAL
2000 SUrM=0
ISTART=l1+1
IF(A 0P LE . PHITABLE(1,L2))G0 TO 1400
L 141

DO 1401 Kw=iL K LMAXK
IFIMILOP.LE.PHITABLE(1 ,K)) GO TO 1402
1401 CONTINUE
1402 ISTART=K+1
c " REFOTAL TREATMENT OF FINST INTECDATION INTCRVAL
X1=XL.OP
X2=PHITABLE (L ,K)
. Y1=FINTERPL I XLNTABLE L1 ,LMAX XLOP)
YimEXP (Y1)
SL=DEP /RHO/X1%1 . OEQ
C11=FINTERPITABLE ,NTABLE ,SL}
. Y2=pPHITABLE(2 K}
SL=DEP/RHN/ X281 . OE4
C2=F INTERP( TABLE ,NTABLE,, 5L}
IFIC11.LT. 0110
IFIC2..T.0)C2=0

r
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SUMe{YLRELL 4+ YERCE) w(X2-X%11
1400 FACTOR=ER /NHOK L  OE4
DO 1800 J=ISTART,L.MAX
X1 nPHTTABLE (L, )-1)
X2PHITARLL (1,0}
I LVFACTOR/ X1
SL2+FACTOR/ X2
C1LvF TNTERP ( TABLE , NTABLE , S1.11
CA+E INTERR ( TABLL , NTARLE , 5L2)
YFIGLLL LT, 0)C1w)
TELCR LT, 0)10R=0
PHOMe ( CARPHITABLE (2, ) + CLINPHITABLE (2, d—1) )% (X2~X1]
1500 SUMESHMEPSUM .
| « ANS (NITPUT IN EVENTS/BIT=DAY FOR PHI PFR M¥%2 [MER SIECONO

c PEN STERAO PER LET UNIT
¢ FRARO IS ERRORS/AIT-NAY
ANS=1 . 3877 -Ta5a ASHMRG . 5
KRRBO ( NC CMCONY [NCS )
WRITE{(D, Y T AL, H DEP , ERGCONV TNCS ), ERRBID(NCS)
GO TO 4000
i G JUMP HERE IS XLu® OUTSIOE OF RANGE OF PHI ()

1700 ZARBOINGS) =0
WRITE(S, POORIFILE , XL ,W,H, OEP , ERCONV {NCS ), ERRBL (NCS )
Co TO 64000
@ PAINTOUT RESULTS
4UL0 PRINT 9912
PRINT 9007
NG G=NG 5= 1
NG 3000 I=1,NCS
A000 PRINT QUOB,LETF(T) ,XLL(I) ,WW(I} ,{HH(T) SCRIT(I) ,ENCONVIT) ,
LERABO(T)
CRRRIRGEL DEPENOENT CDOING
7100 CALL INIT{('S' OZ&HFOOHFD ,BZ0000003F '
CHRARRHEL DEPENDENT COOING
CcALL EXIT
405 WRITE(S,a011)
GO TO 7100
4011 FORMAT (1HO, ' PROGRAM CASE TABLES EXCEEDEDR' , /)
4015 NCG=NCS--1
WRITE(S,60L&)
6014 FORMAT (1X, ' INGOARECT INDEX' /)
GO TO 4000
BOG) FORMAT(1X, 'ENTER L, W, H(SELL . 4)',/,
1 ' (L.GE.W.GE.H)',/,' CA TO TERMINATE PROGRAM' /)
HOUL FORMAT (1HO, ' ENTER CHORO-DISTRIBUTION PRINT CONTROL, '/
1' GPECTRUM PRINT CONTROL(2I1)',/,
2 ' 0 FOR NO PRINT, 1 FOR PRINT',/)
BO02 FOAMAT(L1X, 'ENTER SPECTRUM INDEX-——=',/,
1 ' L-SOLMIN',/,' 2«GALMAX',K/,' 9=90% WORST CASE',/)
£007% FORMAT (1X, 1544)
9000 FORMAT(GELL. d)
001 FORMAT AT
PO FORMAT (1HI , ' INTEGRAL. CHORO=LENGTH DISTRIBUTION')
003 FORMATILHO , 'L=" F7 .3, 58X, 'W=' F7T,2,49X, ‘H»' F7.2)
P004 FORMAT(LHO , ' SINGULARITIES AT S=' ,O(F7.2,1H,))
2005 FOAMAT (1HO ,3X, 1HS , 11X, 'C(S) ')
9006 FORMAT(1X,F7.2,3%,1PE®. 2)
9007 FORMAT(1HO, 'LETFILE' , 10X, 1HL , 13X, 1HW, 12X, LHH, 46X, 'ECHIT' , aX,
1'ER CONV' 32X, 'ERRORS/IBN' , /)
008 FORMAT (46X, I1,3X,3(1PELL. 4,2%) ,0PFT . 2,38X ,F9.1,4%, 1PE9  2)
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FORMAT (11X IF7 .2 32X ,1PELL . 4))

FORMAT { 1MO ,a{AX 1ML, 00X, 'PHI (L)' ,6X))
FORMAT(LX A{1PF10. 4 BX 1PELO .4, 5X))

FORMAT{ 1K1}

FORMAT (1ML, 20A4)

FORMAT(1X, 'ENTER ECRIT, ERROR CONVERSIOM FACTORIPELL 4y’ /)
FORMAT { 1HO , "MMU_L. FILE==CHECK IMPLT DATAMNK')
FORMAT (1HD)

END

FUNCTION FINTERPL{TABLE ,NMIN NMAX K X)

MODIFIEDND FOR USE WITH COSMIC2 SEPTEMBER a2
INTERPOLATION OVER INLDICES FROM NMIN TO NMAX
DESIGNED Tid IGNORE ZEROES IN LET SPECTRUM
DESIGNED FOR {MMAX-MNMIM! .CT.10

DESIGNED FOR NTABLE .CT.10

INTERPOLATION FUNCTIUNM FOR DATA STORED IN TABLE(2,NMAX)
TABLE (1 , M) IS INDEPENDENT VARIABLE
TABLE({2,N} IS DEPENDENT VAQIABLE

X IS VUALUE 0OF TNDEPENDENT VARIABLE FUR EVALUATION AF FUNCTIOM
DIMENSION TABLE (2 NMAX)

T={1.0 + 1.0E-D3)KTABLE(1 ,NMAX)
IF{X.LT.TABLE(1 ,NMIN) . DR. X .CT.TIGD TQ 2000
COARSE CRIO SEARACM

M1=MNMINED

DO 500 I=NT NaX, L0

IF{TABLE(1,I)=-X) 300,400,400

CONT INUE

ISTART=I~-9

O 1000 I=ISTART , NMAX

IF(X.LE.TABLE{1 , I)1)GD TD 1300

1000 CONTINUE

1300 Ni1=NMIN+G3

IF(I.LT.N1)I=3

IF(T.GT. NHMAX-1) TreNMAX=-]

X1=TABLE(L , I-2)

X2=TABLE (1 ,I-1)

X3=TABLE (1 ,I)

XamTABLE (1, I+1)

YimTABLE(2 , I-2)

YamTABLE(R2 , I-1)

Y3=TABLE(Z, )

Y4=TABLE (& ,I+1}

¥=0

Call LAGIXL X2, X3,X4,Y1,Y2,Y3,Y4,X,Y)
FINTERPRL=Y

RETURN

PRINT 2001 ,X

FORMAT(1HO , 'FINTERP1 ERROFE, X DUT OF RANGE, X=' IPE11l. 1)
CAaLlL EXIT

END

SUBRDUTINE C1iXL ,W,H,NTABLE)

HoLE W LE. XL

REVISED 9/82, P. SMAPIRD ,NAL

SLIM DISTRIBUTION FOR MU~RANDOMNESS

RERUIRES COMMOM/CL/TABLE(2,312) IMN CALLING PROGRAM
TABLE(1 N} IS CHDRO LENGTH

TABLE (2 ,MN) IS CORRESPOMDING SUM DISTRIBUTION
DIMENSION FINT(7)

COMMON/CL/TABLE(Z, 512) ,S5LIM{B) NLIM

DATA PIL/3.141893/7 EPS/1.E~%/ ,EPS1/1 . OF-6/
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3
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1000

7]

7]

2010
a0a0

2000

8000
9000

68001
9001

8000
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FMINMISTL, O-EPS

SHAX =GRRT XL kXL, + Wkl +HKH)
CALL SINGIXL W K}

NCT= (NLIM-1 1R (NTABLE~1)+1
NSEG=NLTM-1

TABLE (1 ,NCT) =SMAX

TABLE(2 ,NCT) =0

NCT=1

CNORM~=1 . 333393337 P/ (XL RKW+XL. RH4WHRH )
CHECK PARAMETERS

F{M.GT . W GD TD 8001
IF{W.CT . XLIGO TO 8001
NaNTABLE -1

LA St R e MM A ria M

EVALUATE INTEGRAL QUER SEGMENTS 1 TO NSEG AND PUT TN FINT

NO 1000 T=l,NSER

GaeGLIM(I41  XFHMINUS

S1oSLIM(T)

FINT(I)=PERMSUM(SR, XL, W, H) —PEAMSUM(ST , XL %, H)
DG 2000 Iwl , NSED

COMPUTE DELTA FOR THIS SEGMENT

DEL.TA= (SLIM(I+1 ) MFMINUS=SLIM(I) )/ (NTABLE 1)
SUM UP CONTRIBUTIONS FR0OM SUCCEEDING SEGMENTS
FSLM=0

IF(I.EQ.NSEG) GO Ta 2020

K=I+1

DO 2010 J=K ,NSEG

FSUM™FESUM + FINT(J)

S2aSLIMNII41 ) XFMINUS

F5UMmE SUM+PERMSUM (S8, XL, W, 1)

DO 2000 J=1,N

GmSLIMC L) + (. J=1 ) XDELTA

TABLE(1,NCTIm§

SUMF SLIM-PERMSUM (S , XL, W, H}

TABLE ( 2, NCT ) mSUMNKENORM

IF (TABLE(2,NCT!.LT.EPS1) TABLE (2,NCT 1m0
NCT=NCT+1

CONTINUE

RETURN

ERROR MESSAGES

PRINT 2000

FORMAT ( 'CL{XL,ETG) ERROR, TOD MANY STEPS'//)
cALL EXIT

PRINT 2001 ,%L ,4W,H

FORMAT (140, 'C1(* ,1PE11.4,' ,"1PE11.4,"', "' ,1PE1L.4, ")
CALL EXIT

END

FUNCTION F1(5,X,Y,Z)

IF{%.CE.Z) GO TN HOO00

XG0 =KX

YERmYRY

ZGE=ZRZ

TRRMXGH +750

RS =TSE+YSH

XM=YSQ/ (XSU+YSQ)

T=SART ( TSR)

AL=2, 0/ TR (XSH—ZSG ) +2 . OXXMAZ

Blw=—3 . 28%XSAAYSA/RSR/ TS
F1=A1X540 . SHELHSKS

RETURN

PRINT 1,5.X,Y,Z

ERRQRA' 7 /)
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1 FORMAT (LIHG, 'FL1(' ,1PEL1 . 4,38¢"' ,"1PELL.4), ') ERROR'
ALl EXIT
ENUD
FUNCTION F2(S,X,Y,Z)
NG XRX
YH{mYRY
I50uZRZ
5 5A=5XY
IS eXSE+ 250
T=GRAT(TEQ)
NS aTHR Y SQ

. A=5QRT (REG)
F(S. LT 7) GO TO 8000
IF(S.GE.T) GO TO 8000
ABmB . 0/ TR (XSR=-Z5R)
XM=YSQ /i XSE+YSA)
HE W 25K (XM-XSARYSA/RSA/TSA)
XK={X5Q~Y5Q ! /SART ( XSQ+YSA)
Uei |, DI00RY HZEE
CETURATAN(Y /X ) = XMEZSQEZ5ER0 . 25
P=EQRT(SSA-25Q |
WnZ/S
IF(ABS (1. 0~W) LE .1 .0E-%) Wel.0
EupR (2. 0= 4XZSA/SEQ ) -1 . SXZXACNS (W)
FRAASAG+0 . SHAAGEA~0 . SACD 7 SEE+ (XK-X ) XE
RETURN

BOOO PRINT 1,5,X,Y,Z
1 FORMAT{IHO, 'FE(' ,1PE11.4,3(',',1PE11.4),') ERROA')
CALL EXIT
END
FUNCTION F3(5,X,Y,2)
SEQmERS
XGeXxX
YSQRYRY
Z5QrTeZ
TSA=XEQ+25Q
TwGQAT (TSQ)
IF(S.LT.T) GO TO 8000
RGQ=TSA+YSQ
BAw-3 , ABAXSAM(L . 0/ (XSA+Y5E ) =1 . 0/RSA)
Um3 , 0XXRYRZEN
CIm0 . 2ARXEARZEAR (ZSQA/ (XSA+YSQA )~ . 01 +VRATANCY / X)
PrLQAT (550-25Q)
W1=55Q-T58
IF (WL . LT. 0.01W1m0 .0
H=SQART (W1)
XK= (XEH=-YSQ ) / SQAT ( XSQA+YSQ)
EwPg(2 . 0~ZSQN0 . B/55Q) -1 . SXZRACOS (2/5)
Wasx/p
IF(ABS (1.0=-We) .LE.1.0E=4) Waw=1. 0
WERALIS (W2 |
FAmD SRESHURD-CIHY &/ SEQ+XIAE +YRZSQAR AR 2. 0/ T5R-0 . G/55Q)
1 —1.9/TRAGOSIT/S) )~1 . SAXKYH (PXD/ G SAXW :
2 ~X/TAAOS(T/5))

) RETURN
BOOO PRINT 1.5,X,Y.2Z
1 FORMAT(iHO , ‘F3(°' 1PE11.4,3(',"' ,1PE11.41,') ERROR')
Call EX.T
END

FUNCTION PERMSUM(S XL W H)
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DIMENSION IX(64) ,IY(A) , IZ(A) DI
DATA IX/1 ,2,1,2,3,3¢/,1v/2,1,3,3,2,1+,1Z7 3,3,2,1,1,2¢
SHAX=S5GA T ( XLaXL +HuklW-+HEH )
PERMSUNH=0

NiLI=X_

DR )=b

DAY wh

THIS 1.00P HANDLES PERMUTATIDNS DVER X ,Y,Z
) 1004 NPwl 4

XanN(IX(ND))

YaD(IY(NP))

Z=D(IZ(NPRY)

T2SRART ( XRX+ZKRZ)

IF(S.LT.2) GO TD 1300

IF(S.LT.T) €O O 1700
IF(S.LE.SMAX) GO TQ 1800

5.GT. SMaX

PERMSUM=0

RETURN

S LY. Z
PEAMSUM=PERMSUMHF 1L (S , X, Y, Z)

GO TDO 1000

S.CE.Z . AND. S.LT.T
PERMSUM=PERMSUMEF 2(S X ,Y , Z)

GO O 1000

S.GE.T AND. S.LT.SMAX
PERMSUM=PERMSLIMEFI (S X, Y, 2Z)

CONT INUE

RETLAN

END

SUOBROUTINE SINGI(XL W, H)

SETS UP ORDERED TaABLE OF SINGULARITIES
DIMENSION T(3)
COMMON/CL/TABLE(2 ,312) ,SLIMB) NLIH
SLIA(L )0

SLIM(2)=H

N=g

IFIH.EQ.¥) GO TD 100

N1

SLIMIN) =W

IF(XL. . EQ.&) GO TO 2009

NN 1

SLIMIN) =X,

NT=0

X=SQRT ( HeE-+WEW)

IFIX.EQ.XL) GO TO 230

NT=1

T(1)ymX

Y=SQRAT (HRH+XLRXL.)

IF(NT .EQ.1 . AND. Y.EQ.TI(1)) GO TD 200
NT=2

TINT)=Y

Y=SRRT { XLEXL +WiW)

IF(Y.EQ. TI(NT)) GO TD 400
NT=NT+1

TINT)=Y

D) %00 Imi , NT

JF NI

SLIMIJF)=T (1)

NL IM=N+NT+1
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SLIMCNLIM) =SART (XL KXLAWKWHHKH )
¢ SDRT SLIM INTD ASCENDING ORDER
DO 1000 I=1,3
DO 1000 J=2 NLIM
IF(SLIMGJ~1) . LT .SLIM{I) ) GO T 1000
XwSLIMC.J-1)
SLIM(=1)=SLIM{J]
SLIM{Y =X
1000 CONTINUE
RETURN
END
- SUBROUTINE READIN(A,T)
DIMENSION A(2,10001 ,T(20)
READ(L,3004) T
DO 140 I=1,230
. I1anl-3
12=11+3
READ(L,8008) (AL2,J),AlL,J),J=11,12)
100 CONT INUE
5008 FORMAT (BEL10.4)
8004 FORMAT(20a4)
END
SUBROUTINE TRANSFER(TL,P1,T2,P8)
DIMENSION T1(20),T2(20),P1(2,1000} ,P2(2,1000)
DO 100 I=1,20
100 Ti(D)i=T2(I)
DO 200 I=1,2
DO 200 u=mi,1000
200 P1(I,J)=PELT,J)
RETURN
END
FUNCTION FINTERP { TABLE ,NTABLE ,X)
DESIGNED FDR NTABLE.GT.10
INTERPOLATION FUNGTION FDR DATA STDRED IN TABLE(2,NTABLE)
TABLE(1,N} IS INDEPENDGNT VARIABLE
TABLE(2,N} IS DEPENDENT VARIABLE
X IS VALLE 0OF INDEPENDENT VARIABLE FOR EVALUATTION (F FUNCTION
DIMENSION TABLE(2,NTABLE)
Te(1.0 + 1.0E-S)MTABLE(1 ,NTABLE)
IF(X.LT.TABLE(1,1) .OR. X.GT.TIGD TO 2000
COARSE GRID SEARCH
DO 200 I=10,NTABLE,10
IF(TABLE(L, I)=X) 300,600,400
500 CONTINUE
400 ISTART=I-9
DO 1000 I=ISTART ,NTASLE
IF(X.LE.TABLE(1,X) IGO0 TO 1500
1000 CONTINUE
1500 IF(I.LT.3) I=3
IF(1.GT.NTABLE—1) I=NTABLE-1
X1l=TABLE{1,I~2)
X2=TABLE (1, I-1)
XD=TABLE(1, 1)
XG=TABLE(L, I+1)
Y1=TABLE(2,1-2)
YEeTABLE (2, I-1)
YOwTABLE(2,1)
YReTABLE(2,I+1)
Y
CALL LAGIXL,XB,X3,X4,Y1,Y2,Y3,Y4,X,Y)

oocooan

0

et s
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FINTERP™Y
RE.TURN
2000 PAINT 2001 ,X
PO0L FORMAT (1HO , 'FINTERP ERROR, X OUT OF RANGE, X=', 1PEL11.4)
CAll. EXIT
END
SUBROLITINE LAGIX1 ,X8,X3,X4,Y1,Y2,Y3,Y4,%,Y)
IF (X1=X) 40,200 ,40

40 IF (x2=x)41,201 ,41

41 LF(X3-X)aa, 202,42

A2 IF (X4=X150 , 208,50

20 Alw=l.0/(X=X1)

51 agwl. 0/ (X-X2)

2% Adml . 07 (X=X3)

%86 Admi . 0/ (X-XA)

60 AT=1 .0/ (ALKA2RADRAD)

TO BL=1.0/((X1~-X2)MIXL~XD)MIXL-XA) |
Ba=1.0/ L (XB~X1 )X (XB=XI) K XB=X4) )
B2m1. 0/ ( (XA=X1 IR (XD=X2) R (X3=XA) )
Bawl. 0/ ((X4=X1)R(X3-XD) X (XA=XI) )

80 YeATR(YLRALRDL+YERASADD+YINADKEI+Y ARAIND |

100 RETURN

200 ymY1
RETURN
201 YmYR
RETURN
POR YmY3
RETUAN
203 Y=vy4q
RETURN
END

;‘:-
%
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TYPE EXPORTZ.DAT

LETHF LLED

L 1328E+041..
LRT722e+0391., .

L0132E+091
L Ba00E+0E1

.1344E+4+031 .
. T204€+032 .
LHPTALEH092 .

. 1499E+032

. 2Ha9c+022 .

.B345%E 4082

. H143E+028

2380£+022 .

PAQTFE+QZR .
.B490F+0R2 .

.397T0E+022
. 0349840823

.A9N1E+08S.

1214E+029

.B083IE+023

.AT23E 4029

199354088 .
.OTORE+HUBT
. AS6AVE+013,
.PE&TIE+OLA,
.9148E+014.

.AB9RE+014

.8087E+014.
L1069E4014.

.84TIE+01LD
. AgE2E+01S

I76BE+01I .

. Q00IEHULS .

. SQ19E+013

CAHENOE+014 .
L2TTEE4014.
.0846E+0164.
. 18468E+026 .
.2123E+017 .,

S$463E+017 .,
04%0E+017 .
I2PBE+018,

TITEE 1D,
L2310E4018.
.BA27E+019

A9 GEE+019 .

.1388E4+019 .
. FEYIEFOLL .
.B8883E4+011.

6813E+011 .

LBLUeE4NLL .
LAM0E+011
.1B30F+011 .
L OS8RE+OLL .
.39026E+001 .
. 1045%E4+001 .
L00JTE+OOL .

.7916E+001 .

Sa48e+001

LAH1TEHQ0S

. 2BV0E+OO2
. A&1PE+002

SOLAR MINTMOM

G&T1EFOOR .
7TIAQ4E +004

. 043E+002 .
CBTTIERODR .
LOREIEH0IL .
LOHAQTEAOAR .

PRR2PE+002
01 TE+001
1137E+001

L1989€E+001 .

ERTTE+00%.

LB800E4007T

4T7HO0E+004 .

LSTIEF00S .

ATIIE+00A4.
7800E+004,

LPO03E+003.
L0173E+002

13934002

L 2&XFE+H002.

a977E+001 .

&TTAE+001
8238E+001
PAO2E+009
1400E4+007 .
3079E+006,

GHZEE+004,

8307E+003
0444E+003

&£823E+001 .

LP115E4001.

1301E+001 .
B982E+001.
A3&44E+004.
PEI0E+001 .
2044E+003
4931E+00}
TIT&E+004
112BE+004.
A7IIEA009
T7801E4003.
1344E+008
S02PE+002.
ag&s4E+0C2 .
0283F+011 .,
0700E+011 .
1132E+011.
1381E+011.
20499E+011
D9IBE401L .
3041E+011.
ABETE+019 .
4114924017 .
q484E+01 & .
3276E+016.

T ; ~ g T s L e o,
byt v B 4B A U it T e R MR R N

33861L+041 .
BTOBE+031 .
TE10E+031 .
ANIPEHONHL. .

A%49E+072.
O7TRPE+032,
00&60E+022.
qAJI4&BE+022 .
0993E+022 .
449 4E+022 .
TTILE+0P2.
0&493E+022 .
44q40E+022 .

.91.83E+025.

AVIFE+H02I .
0430E+023 .
T217E+023.

.9875%€E+023.
. 1478E+029.
LOJTIEH0RT .
. 0196E+014,

&40P4AE+0L1 A,
1424E+014.

.3171E+014.

&3%NE+014,

.9271E+014,
L189TE+01H.
LTABLE+O1LS.,
LHEMNE 4015 .

8894E+013 .
3PTAE+01S .
q173E+016.
2300E+014.
04834026 .
0307TE+O0RS.

B027TE+017 .
.M&08E4+017 .
.A499E+017 .

17144018,

LAPITESO0LE.

1333E+018.

TRATAES01.9 .

4080E+019 .
098 TE+01Y .
FI21FE+011
T9PTE+O011 .
4910E+011 .
qT22E4011. .
B8101FE+011.
1424€+011
023ANE+011 .
03A39E+ONL
TETIE+001 .
8438E+001 .
3312E+001.

O0YFFERENTIAL

GHIATIE+OOL.
THALEEHNNH |
BR2AE+002 .
BYNEBE+NNN2 .
PT2AE+001
0819E+001 .
1347F4+001.
2208E+001.
F104E+008.
A0IKE+00T .
S004E+00% .

SOLBEHONS .

TOLIE+004.
BI4TE+OD3.
FRFIE+003.
04TIE+002 .
17034007 .
2994E+001
QIA13%E+001 .
BE&FVELNOL
7140E+001..
H6A9F+0UL .
0198E+008 .
1320E+007
FNOTEF+OON

B24HJE+00T .

T089F+004.
8F49E+4+003 .
0P64E+003.
[N22EH002.
3142E+002.
T7AATES+001 .,
P703E+001
21124001
44618E+001 .
Tea4aE+001
PPIBEHOOT .
27404003,
B3 EPEE+005.
a731E+004a.
1928E+004
A3234E+003 .
A4T3IE+003
28JE+002.
B974E+002.
PHALE+OD2
0388E+011
0807TE+NLL
1243E+011.
14676E4011. .
2148F+011
ROJFE0LL
2170E+01%9
3702E+018
42349E+017 .
q830E+01 6
3428E+016.
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1607E+0A1 .
RLEGARFOIYL,
7083E4031 .

41.03E+031

PAPQE +022

au9RE+(A2

2184E+01%

T140E+017

EIPEIE

. FLAGE4DO2
. A894E4+031 .
JIA8LEA-032 .
27184032
014a3+072.
G174F+0H22.
N3AAFF+N22.

SAIAZEH00L

. T7TA94E+001
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